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Tumor Heterogeneity and 
Neuroendocrine 
Differentiation in Non- Small 
Cell Lung Carcinomas; 
Investigation of Their Relation 
With Tumor Stage, P53 
Protein and Pcna Expression 



Ozgai Sa^ol,' MD, Aydanur Kargi,' MD. SaiOn Emete,' MD. 



Purpose: The biologic significance of tumour heterogeneity including 
neuroendocrine differentiation In non small cell lung carcinomas Is not 
certain. The purpose of this study is to investigate whether there Is any 
significant difference between non small cell carcinomas with and with- 
out tumour heterogeneity Including neuroendocrine differentiation in 
terms of tumour stage, tumour suppressor gene alterations shown by p53 
protein expression and proliferative activity shown by PCNA expression 

M&thods: Paraffin sections of 57 non small cell carcinomas were re- 
>/iewed and microscopic tumour heterogeneity was evaluated The sec- 
tions were all stained with neuroendocrine markers including Neuron 
Specific Enolase. Chromogranin A. Calcitonin and Serotonin antibodies 
for the evaluation of neuroendocrine differentiation, with anti-PCNA an- 
tibody for the evaluation of the proliferative activity of tumours and with 
p53 antibody for the detection of mutant nuclear p53 protein expression 
Standard streptavidin biotin Immunperoxidase method was used for irrv 
munohistochemical staining. Fifty seven coses were graded for cyto- 
plasmic staining with NE markers on a scale of 0 (-). to 3 posltlve(+) Nu- 
clear staining for p53 was semlquantitatlvely graded as follows- ( -) • no 
staining, 1+: 1-30% of ceils stained. 2+ : 30-70% of ceils stained, 3+: 70% or 
more stained ceils. Nuclear staining for PCNA was evaluated by count- 
ing 1000 tumour cells and graded as follows: 1+: 1-40% of ceils stained 2+- 
40-75 % of cells stained, 3+:75 % or more cells stained. 

Resulfs: Tumour heterogeneity was found in 12 % of non small cell lung 
carcinomas on routine sections. Tumours with and without heterogenous 
areas did not show statistically significant difference In terms of tumour 
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Stage, proliferative activity ar^d p53 expression, five percent of 57 non- 
$n\o\\ celi carcinomas reacted with two neuroendocrine markers. 42 % of 
cases were positive for only one neuroendocrine marker. There was no 
statistically significant difference between the cases which were negative 
and cases which were positive with 1 or 2 neuroendocrine markers, in 
terms of proliferative activity and p53 expression . 

Seventy -one percent of 57 non small cell carcinomas reacted with 
p53 antibody. Cases with p53 protein expression were not different from 
negative cases in terms of proliferative activity, neuroendocrine differen- 
tiation and tumour stage. Ail cases of non small cell carcinomas reacted 
with PCNA antibody with the mean staining index of 61.6 %. PCNA stain 
ing indices did not show statistically significant difference between sub- 
types and tumour stages. . . ^ ^ ^ 

Conclusion: A complete NE differention demonstrated by positivity for 
multiple NE markers similar to NE tumours Is quite unusual. Heterogeneity 
and neuroendocrine differentiation in NSCLCs shown by light microscopy 
or by one or two NE marker positivity does not correlate with tumours 
stage which Is the most valuable predictor of prognosis and with other 
factors like p53 and PCNA reactivity whose influence on prognosis is de- 
batable. Ann MedSci 1999:8: 14-21 

Key words: Non small cell lung cancer, tumour heterogeneity, neuro- 
endocrine differentiotioa p53, PCNA. 



Microscopic tumour heterogeneity defined as the 
presence of different histologic types within the 
same tumour is reported in 13-63% of lung can- 
cers.' '•'As a practical manner most lung cancers 
can be classified as either 1- non-small cell lung 
cancers (NSCLC) including squamous cell carci- 
noma, adenocarcinoma, adenosquamous carci- 
noma and large cell carcinoma or II- sraall cell 
lung cancers (SCLC).'*'' While the presence of: 
small cell carcinoma component in NSCLC, re- 
gardless of the extent of it, implies poor progno- 
sis and different treatment, the chnical signifi- 
cance of coexistence of different types of 
NSCLCs is unclear.^ 

Neuroendocrine (NE) differentiation detected 
by light microscopy or immunhistochemistry has 
been reported in 10-50 % of NSCLCs/'"'* Neuro- 
endocrine differentiation is most commonly re- 
ported in large cell carcinonias and poorly dif- 
ferentiated adenocarcinomas." Recent scudies 
have shown conflicting results regarding both 
the criteria for definition and the clinical signifi- 
cance of NE differentiation.'''^ 

Current advances in molecular biology re- 
vealed that mutations of the P53 gene are one of 
the most requent genetic abnormalities m hu- 
man neoplasms including lung cancer, ' PoS 
gene mutations were reported in 37-80 % of all 
types of lung cancer.'^ '' In some studies muta- 
tion of p53 gene has been reported to be associ- 
ated with poor prognosis, while in ^others con- 
flicting results have been reported. ' There 
are also confusing results on the relation of mu- 
tant p53 protein expression with the stage of 



the disease."'^^'"' Besides, it has been suggested m 
some reports that the mutant p53 gene enhances 
proliferative activity by inducing PCNA gen: 
and thai the p53 protein expression increases 
with the degree of neuroendocrine diftercntia- 
tion in NE carcinomas.*''"'*' 

Proliferative activity expressed by PCNA ex- 
pression was reported to be high in lung carcv 
nomas.'' The prognostic value of PCNA expres- 
sion in lung cancer is not clcar.^'^ 

The aim of this study is to investigate the mi- 
croscopic heterogeneity and NE differentiation 
in NSCLC as it was shown by immunohisto- 
chcmical demonstration of NE markers and to 
search for any difference in p53 tumour sup- 
pressor gene mutation, proliferative activity and 
tumour stage between NE marker positive and 
negative tumors. Besides, the relation of p53 
expression and proliferative activity of tumours 
were evaluated. 



Materials and Methods 

Formalin fixed and paraffin embedded archival 
material of 57 lung carcinomas diagnosed in our 
department between the years 1991 and 1995 
were included in this study. Pathologic material 
was obtained by endoscopic biopsy in 24 of cases, 
and by lobectomy in 33 cases. The cases were 
staged according to TNM system'"'. 

Eight to 10 Haematoxylin and Eosin (H&E) 
sections from each tumour excised by lobectomy 
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and endoscopic biopsy materials were screened 
to assess histologic subt5T)e according to WHO 
classification.^* Tumour heterogeneity defined as 
the presence of different histologic types within 
the same tumour was evaluated in each tumour. 
Five micron sections fi'om selected representa- 
tive paraffin blocks were taken on poly-1- lysine 
coated slides. Paraffin sections were stained 
with NE markers including Neuron Specific 
Enolase (NSE ), (DakoH14, 1/100 dilution)) , 
Chromogranin A (Dako Kr A, Dak-A3, 1/100 di- 
lution), Calcitonin (Dako,l/200 dilution), Sero- 
tonin (Dako- 5HT- H209,l/10 dilution) for the 
evaluation of NE differentiation. The sections 
were stained with anti-PCNA antibody 
(Dako, 1/100 dilution) for the evaluation prolif- 
erative activity of tumours, and with p53 anti- 
body (Dako, DO7,l/50 dilution) for detection of 
mutant nuclear p53 protein. The streptavidin 
biotin iramunperoxidase method was used for 
immimohistochemical staining. A microwave 
antigen recovery technique requiring the boiling 
of the deparaffinised sections in 0.01 M citrate 
was used prior to immunostaining. Diaminoben- 
zydine was used as a chromogen. Carcinoid tu- 
mour of the lung known to express all NE mark- 
ers used in this study and a breast carcinoma 
section known to express p53 protein and PCNA 
antibodies were used as positive controls. 
Negative controls were provided by omitting of 
primary antibody during the staining procedure. 

Fifty seven cases were graded for cytoplasmic 
staining with NE markers on a scale of 0 (-), to 3 
positive(+). (-) indicated no staining, 1+, rare 
scattered individual cells with positively stained 
cytoplasm, 2+, small clusters of stained cells 
and 3+, extensive staining. Nuclear staining for 
p53 was semiquantitatively graded as follows: 
( -) : no staining, l+:l-30% of cells stained, 2+ : 



30-70% of cells stained, 3+: 70% or more stained 
cells. 

Nuclear staining for PCNA was evaluated 
by counting 1000 tumour cells and graded as 
follows: 1+: 1-40% of cells stained, 2+: 40-75 % 
of cells stained, 3+: 75 % or more cells stained. 

The results of this study were evaluated sta- 
tistically by using Rank correlation, Kruskal 
Wallis, Kolmogorov Smirnof and Chi- Square 
tests. 



Results 



Ages of the 57 patients with NSCLC ranged 
firom 34 to 77(mean: 55.5) years. Six of the pa- 
tients were females and 51 were males. Accord- 
ing to the TNM staging system, 18 cases were 
in stage 1, 6 cases were in stage 2, 7 were in 
stage 3 A, 10 were in stage 3B and 16 cases were 
in stage 4. According to the WHO classification^\ 
38 of cases were squamous cell carcinomas'" well 
differentiated, 4 moderately differentiated and 
12 poorly differentiated), 14 were adenocarcino- 
mas (10 well differentiated, 2 moderately differ- 
entiated and 2 poorly differentiated), 2 were 
adenosquamous carcinomas and 3 were large 
cell carcinomas. 7 (12.28% ) of 57 NSCLC cases 
showed tumour heterogeneity. Two of these 
cases were adenosquamous carcinomas and 5 
were squamous cell carcinomas with focal ade- 
noid structures. Timiour heterogeneity was 
found in only resection materials (19.4%). Table 
1 shows the distribution of tumour stage, p53 
expression and PCNA positivity in heterogenous 
and nonheterogenous NSCLCs. Table 2 shows 
staining with NE markers, p53 and PCNA anti- 
bodies and stages of the cases. 



Table 1. p53 and PCNA expression in heterogenous and non heterogenous NSCLCs 

Stage PCNA score* P53 score** 

123a 3b 4 1 2 3 0123 
Heterogenous (n:7) 41110 133 2203 
Pure (n:50) 14 4 7 9 16 13 13 22 14 5 10 19 

♦ Two cases were insufficient for PCNA staining. 
Two cases were insufficient for P53 staining. 

Table 2. Stages, p53 and PCNA scores and NE marker positivity in NSCLCs 

Number of positiveNK markers Stage P53scores* PCNA scores** Total 

12 3a 3b 4 012 3 1 2 3 

"o 11 3 5 4 7 8 5 7 10 7 9 14 30 

1 72258713 11 66 10 24 

_2 01011110 1 11 1 3 

* 2 cases are insufltctent for P53 staining. 

** 2 cases are insufficient for PCNA staining. 
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Table 3. PCNA staining indices for NSCLCs 

N:55 PCNA staining indices 

(%of positive stained 

nuclei ) 

Minimum 3.2 

Maximum 99.2 

mean 61.65 

Median 64.00 

Standard deviation 23.84 

Thirty (52.63%). of 57 NSCLC s showed no 
staining for any of the NE markers. Twenty - 
four (42.1%) cases were stained for only 1 NE 
marker. (2 of the cases were stained with only 
calcitonin, 22 were stained with only NSE) 
(28%=+,56%=2+,16%=3+). Two squamous cell 
carcinomas and 1 adenosquamous carcinomas 
(5.26%) showed staining with both NSE and 
calcitonin. None of our cases were stained with 
antibodies against serotonin or chromogranin. 
Thirty-nine (70.91) % of 57 NSCLCs were 
stained with P53 antibody. Two of the cases 
were found to be insufficient for evaluation. 
Fifty-five of 57 (96%) cases were stained positive 
with PCNA antibody. Again, 2 cases were found 
to be insufficient for evaluation. PCNA staining 
indices are shown in table 3 . 

As a result no statistically significant differ- 
ence was found between the heterogenous and 
the non heterogenous tumours in terms of tu- 
mour stage, mutant p53 protein expression and 
proHferative activity. There was also no statisti- 
cally significant difference between tumours 
with no NE marker positivity and tumours 
stained with 2 NE markers or with 1 marker 
only, in terms of tumour stage, p53 expression 
and proliferative activity. P53 positive and 
negative cases showed no difference in terms of 
tumour stage. No relation was found between 
the scores of staining and stage of tumour in 
p53 staining. There were also no relation be- 
tween PCNA indices, tumour stage and his- 
tologic type as well as between tumours with 
high PCNA indices and tumours with low indi- 
ces in terms of p53 scores. 



Discussion 



The histopathologic heterogeneity has been re- 
ported within an individual tumour in up to 10- 
63 % of sufficiently sampled lung cancers by 
light microscopy alone. In some studies, non- 
small cell lung cancer heterogeneity was found 
to correlate with tumour stage*'^"^. In this study, 
microscopic heterogeneity was detected in 12.8% 
of NSCLCs and heterogenous tumours did not 
show statistically significant difference in terms 
of tumour stage, proliferative activity, p53 mu- 



tations and NE differentiation suggesting that 

the dominant pattern determines the tumor 
behaviour in NSCLCs. Our finding of heteroge- 
neity by light microscopy in only resection ma- 
terials, demonstrates the need for sufficient ma- 
terial in order to recognize tumour 
heterogeneity. 

In addition, up to half of NSCLCs which by 
light microscopy have typical features of adeno- 
carcinoma, squamous cell carcinoma or large cell 
carcinoma and lack light microscopic features of 
NE differentiation may demonstrate focal or 
more extensive positivity for a NE marker^'^*' '"'*'*. 
NE ditferentiatioh was found in 3- 50% of 
NSCLCs^'^'*'^^ NE differentiation are most com- 
monly reported in large cell and squamous cell 
carcinomas"'^ NSE, Chromogranin, Serotonin, 
Calcitonin, Sjmaphtophysin and Leu7 are the 
most commonly used immunohistochemical NE 
markers to reveal neuroendocrine features. 
Among the NE markers used in this study, NSE 
is an isoenzyme of a glycolytic enzyme enolasc 
which is found as dimers of alpha, beta and 
gamma subunits. Gamma- gamma dimers are 
thought to be spesific for neural tissues although 
in some recent reports it's claimed that this di- 
mer can be found in non neural tissues'\ Chro- 
mogranin is an acidic protein found in cyto- 
plasmic granules. The role of chromogranins is 
uncertain although there is some evidence that 
they take part in the maturation of granules, 
regulation of enzjnne activity of granules and 
peptide hormone synthesis^^ ^^ Calcitonin and 
serotonin are specific products secreted by NE 
cells'. Whether positivity with only one of these 
markers represents NE differentiation or not, is 
debatable. 

In many studies, NSE positivity alone in 
NSCLCs was reported to be nonspecific and in- 
sufficient for indicating NE differentiation. In 
some studies positivity with only one marker 
other than NSE was thought to be sufficient to 
indicate NE differentiation.^** Linnolia et al used 
9 NE markers in their study and regarded the 
tumours which were positive for 4 or more NE 
markers as tumours with NE differentiation. In 
the latter study it is believed that tumours 
which are indistinguishable from NE ttunours 
immunohistochemically should be called tu- 
mours with NE diffcrcntiation^ In the study of 
Brambilia et al, 3 NE marker positivity was ac- 
cepted to be sufficient to indicate NE differen- 
tiation''. On the other hand, there are studies ac- 
cepting 2 or more marker positivity^ ^ In an 
electron microscopic (EM) study of Wilson et al, 
it was shown that all of the tumours with dense 
core granules detected by EM, showed immu- 
nohistochemically positive reaction with NSE, 
while others without dense core granules failed 
to react, indicating that NSE might indeed rep- 
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resent NE differentiation^ It has been suggested 
that NSE detects cells with minimal NE differ- 
entiation, (ie. those with few secretory granules 
or low levels of hormones) that can not be de- 
tected by other techniques**. 

In any case, the clinical significance of NE dif- 
ferentiation either shown by NSE positivity 
alone or a combination of markers is a subject of 



controversy. In some studies, it has been 
claimed that, NSE immunoreactivity correlated 
with improved surviva'. Graziano et al and Scov 
et al reported that NSCLCs with NSE positivity 
showed increased response to chemotherapy^ 
However in some other studies, no such relation 
had been found between NE differentiation and 
tumours stage, relapse and survival in NSCLCs. 




Fifiurc 1. Cytoplasmic staining with calcitonin in adenosquamous carcinoma (XlOO) 




Figure 2. Nuclear staining with P53 antibody in adenocarcinoma (XlOOJ 
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Figure 3. Nuclear staining with PCNA antibody in a squamous cell carciiimna. (XlOO) 



In the present study, there are only three 
cases immunoreactive for more than one 
marker. On the other hand the finding of NSE 
positivity in 43,8% (25 of 57 cases) of cases is in 
accordance with previous reports. We have 
found no statistically significant difference be- 
tween stages of NSCLCs with and without NSE 
immunreactivity in the tumour tissues . 

The heterogeneity of lung cancers, including 
NE differentiation in NSCLCs is currently being 
explained by an hypothesis that all lung cancers 
are ultimately derived from a common stem cell 
which in addition to undergoing malignant 
transformation, can potentially differentiate into 
any of the different cell types or into combined 
types^ It's also believed that the phenotype of 
the lung cancer, including not only the cell types 
but other characteristics such as growth rate, 
metastatic potential and response to therapy 
represents the expression of the specific genetic 
abnormalities. Abnormalities of tumour sup- 
pressor gene P53, ranging from complete dele- 
tion to point mutation, constitute some of the 
most frequently encountered genetic defects in 
human cancer including lung cancer^*". 

P53 is a tumour suppressor gene encoding 53 
kp intranuclear protein which is known to 
regulate transcription, DNA replication and in- 
duces apoptosis. This protein can not be detected 
by immunohistochemistry in normal conditions 
but mutations of p53 gene stabilises the p53 pro- 
tein and makes it accumulate in the nucleus and 
be detected by immunohistochemistry"'*^"*\ Mu- 
tations in p53 gene is detected in 37 to 80% of all 
lung carcinomas and there seems to be no 
predilection of p53 mutation for any specific 
phenotype In the present study, 70.91% 

of NSCLC cases reacted with p53 antibody im- 
munohistochemically. Unlike some studies sug- 



gesting that mutations appear in early stages of 
the disease, p53 positivity and the degree of the 
staining did not vary between different stages 
indicating that mutations can appear in every 
stage of the disease'^ 

There are only a few studies investigating the 
relation between p53 mutation and NE differen- 
tiation. Barbareski et al. reported that with de- 
creasing NE differentiation from carcinoid to 
small cell carcinoma, the frequency of p53 mu- 
tation and PCNA activity is increased"*'^ . On the 
basis of such observations, it can be speculated 
that p53 mutation might be responsible for loss 
of NE features while contributing malignant 
transformation. If that is the case, than p53 mu- 
tation in NSCLC s with NE differentiation could 
be expected to be less frequent than the ones 
without NE differentiation . In order to investi- 
gate the validity of this suggestion, we compared 
the frequency of p53 mutations and proliferative 
activity in NE marker positive and negative 
NSCLCs. Our results did not show any statisti- 
cally significant difference in p53 mutation or 
proHferative activity between the NE marker 
positive (one or two marker positivity) and 
negative cases. One reason for these findings 
might be minimal NE differentiation in our 
cases, most of which had had only NSE positiv- 
ity . It might be more meaningful to compare the 
p53 expression of NSCLCs or SCLCs with 
var3dng degrees of NE differentiation to test the 
validity of this hypothesis. 

Proliferative indices in our cases are consis- 
tent with the study of Theunissen at al, indicat- 
ing that the proliferative activity is high in lung 
carcinomas^'. In our study no statistically sig- 
nificant relation could be found between the 
proliferative indices and tumour stage and his- 
tologic subtypes. Lee at al also found no relation 
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between PCNA indices and tumour stage while 
Ishida ct al found statistically significant rela- 
tion*^ Haerslev et al, found that, 52% of the lung 
tumours included in their study had high prolif- 
erative activity and like Ebina et al, they found 
positive correlation between p53 mutations and 
PCNA positivity'^''^ Korkolopoulau et al also 
found positive correlation between p53 expres- 
sion and PCNA indices'\ They indicate that wild 
type p53 gene selectively suppresses the PCNA 
m RNA and PCNA protein in the nucleus and 
that, mutant p53 gene has an inducing role on 
p53 gene' Fontanini et al, did not find any re- 
lation between p53 gene and PCNA expression*^. 
In our study in consistence with the latter study 
no correlation has been detected between PCNA 
indices and p53 protein expression . 

In conclusion, although NSE positivity which 
may reflect minimal NE differentiation, is not 
unusual in NSCLCs. It appears that a complete 
NE differentiation demonstrated by positivity 
for multiple NE markers similar to NE tumours 
is quite unusual. The genetic basis for such a 
differentiation remains to be investigated. Het- 
erogeneity and neuroendocrine differentiation in 
NSCLCs shown by light microscopy or by one or 
two NE marker positivity does not correlate with 
tumours stage which is the most valuable pre- 
dictor of prognosis and with other factors like 
p53 and PCNA reactivity whose influence on 
prognosis is debatable. 
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